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ABSTRACT 
Butana and Kenana cattle are part of the East African Zebu (Bos indicus) breed of 
cattle in the Sudan. Unlike other indigenous Zebu cattle in Africa, they are unique due to 
their reputation for high milk production and are, thus, regarded as dairy cattle, the only 
ones of their kind in the African continent. In this study, the complete mtDNA D-loop was 
sequenced in 70 individuals to understand the maternal genetic variations and demographic 
profile and history of the two types. The study showed that the two types have very high 
mtDNA diversity. A Bayesian coalescent-based analysis revealed that the two types have 
different historical and demographic profiles that support the initial population expansion of 
the Butana type compared with the Kenana and that the types may have been independently 
developed prior to their introduction in the continent, with the arrival of the Butana type 
preceding that of Kenana. The analysis further revealed that the Butana type has 
experienced a decline in its effective population size (Ne) in the past 590 years. There is a 
need to design appropriate breeding strategies for effective management of these two types 
with the potential of improving milk production in marginal areas where they are best 
adapted. 
Key words: Bayesian Skyline Plots; effective population size; mitochondrial DNA   
*
Corresponding author: E-mail: bashirsalim@gmail.com 
 
INTRODUCTION 
The first African cattle were of the taurine type, with recent genetic finding 
supporting an arrival of taurine animals from the center(s) of domestication in the Near East, 
rather than an origin in situ from the African wild auroch Bos primigenius africanus (see 
Stock and Gifford-Gonzalez 2013 for a review). Molecular genetics and archaeological 
evidences (Loftus et al., 1994; Hanotte et al., 2002; Marshall, 2000) have shown that the 
introduction of zebu cattle into Africa was through the Horn and East Coast of Africa, 
possibly in two waves (Hanotte et al., 2002).  
The Butana and Kenana breeds occupy a unique position among African zebu cattle. 
Unlike their counterparts which are either multipurpose or beef cattle, they are reputed for 
their high milk production capacity and are considered to be the best African indigenous 
dairy breeds (DAGRIS, 2007). The size, shape and milk production of both Butana and 
Kenana are almost identical to the Red Sindhi. They tie for second place with the Red 
Sindhi after the Sahiwal as the best dairy cattle among all the zebu breeds in the world 
(Hodges, 1987; Falvey and Chantalakhana, 1999).  
Butana and Kenana breeds descend from the first wave of zebu introductions into 
Africa from South Asia (DAGRIS 2007). Kenana are raised by semi-nomadic pastoralists of 
northern Sudan. Two strains of the breed are recognized, Fung Kenana and White Nile 
Kenana. The traditional habitat of Kenana is the Blue Nile province, traversing an area from 
the east of the confluence of the Blue and White Nile in Khartoum, to the southeast of the 
Ethiopian borders as well as south of Khartoum. The Batahin and Shukria strains of Butana 
cattle are raised by nomadic pastoralists while the Dongola and Shendi strains are kept by 
settled farmers. The Butana breed inhabits the Butana plain in central Sudan where Acacia 
spp. scrubs and desert area lying between the Blue Nile and Atbara River. They are referred 
to as Dar El Reih cattle across the White Nile in the northern parts of Darfur and Kordofan 
(DAGRIS 2007). 
Most of the studies carried out on the genetics of the two breeds have mainly 
evaluated their production and reproductive performance (Musa et al., 2013). Apart from 
the study by Loftus et al. (1999), which included two samples each of Butana and Kenana in 
a wider study to determine the centre(s) of domestication of cattle, there is a paucity of 
information on the genetic diversity, variation and historical demographic profile on these 
two breeds. Differentiation of the two breeds is based on phenotypic traits and their 
geographic location hardly objective criteria given that phenotypes are highly influenced by 
environment and the location of the breeds varies over time.  
In this study, we analyze the mtDNA D-loop region to gain insights on the maternal 
genetic variation and demographic history of these two indigenous African dairy zebu cattle 
from Sudan. We aim to assess the within and between maternal genetic diversity of these 
breeds and to document the diversity of indigenous East African cattle in relation to the 
ongoing debate on the origin and history of cattle pastoralism in the region. 
MATERIALS AND METHODS 
Samples collection and DNA extraction 
Blood samples were collected from 70 genetically unrelated animals (35 each of 
Butana and Kenana breeds) from herds maintained in four research stations and from 
farmers herds in two locations in Sudan (Table 1). The samples were spotted on FTA
®
 
Classic cards (Whatman Biosciences UK) and stored at room temperature prior to DNA 
extraction. Genomic DNA was extracted from the samples using an in-house protocol. 
 
PCR amplification and sequencing 
PCR amplification of the entire mtDNA D-loop region was carried out using two 
primers flanking the proline tRNA (L15737: 5-CTGCAGTCTCACCATCAACC-3) and 
the 12S rRNA (H992: 5-GATTATAGAACAGGCTCCTC-3) genes (Loftus et al., 1994). 
The numbers flanking the primer names indicate the homologous positions of the primers 3' 
end on the bovine reference sequence (Anderson et al., 1982). PCR was performed as 
described elsewhere (Salim et al., 2014)  
 
Sequence processing and analysis 
Three fragments were generated for each sample. These were edited manually to 
correct possible base calling errors using the BioEdit 7.0 (Hall, 1999) and were 
subsequently joined to reconstruct a fragment of 910 bp spanning the entire bovine mtDNA 
D-loop. The reconstructed sequences were aligned using Clustal X 2.1 (Thompson et al., 
1997) against a reference sequence (GenBank accession number V00654, Anderson et al., 
1982) and the number of haplotypes determined using DnaSP v5 (Librado and Rozas, 2009) 
with insertions and deletions considered as variable sites.  
 
Population genetic variability and structure 
Measures of genetic diversity (nucleotide and haplotype diversities and the mean 
number of nucleotide differences) and their standard deviations were calculated for the 
entire dataset and for each breed using Arlequin v3.5 (Excoffier and Lischer, 2010). We 
determined the level of genetic variation present among the populations sampled and 
between the two breeds of cattle using the analysis of molecular variance (AMOVA) 
approach implemented in Arlequin v3.5. For this analysis, phi (ɸ) statistics representing 
haplotype correlations at various hierarchical levels (ɸCT, ɸSC ɸST) were calculated. Levels 
of significance of the variance components associated with the different hierarchical clusters 
were evaluated with 1000 non-parametric coalescent simulations in Arlequin v3.5.  
 
Demographic history and dynamics 
We inferred population demographic history and dynamics from haplotype 
mismatch distribution patterns (Excoffier, 2004; Rogers and Harpending, 1992) for each 
breed. Departures of the observed sum of squares differences (SSD) in the mismatch 
distribution patterns from the simulated model of expansion were tested with χ2 test of 
goodness of fit statistic and Harpending’s raggedness index ‘‘r’’ (Harpending, 1994) 
following 1000 coalescent simulations. Mismatch distribution analysis was augmented by 
calculating two coalescent based estimators of neutrality; Fu’s FS (Fu, 1997) and Tajima’s D 
(Tajima, 1989)) statistics. The significance of these two statistics was tested with 1000 
coalescent simulations in Arlequin v3.5. To further evaluate in greater details the 
demographic dynamics and history of the two breeds, we modeled changes in effective 
population sizes (Ne) via the relative number of coalescent events for serial time periods by 
reconstructing Bayesian Skyline Plots (BSP) (Drummond et al., 2005) using the piecewise 
constant function as implemented in BEAST v1.6.1 (Drummond et al., 2012). The analysis 
was described in details as in (Salim et al., 2014) 
 
RESULTS 
Sequence variability and haplotype distribution pattern 
Kenana breed had a comparatively higher level of haplotype diversity, the Butana breed had 
a comparatively higher level of nucleotide diversity and mean number of nucleotide 
differences among haplotypes (Table 2). 
 
Mismatch distribution 
The mismatch distribution patterns for the two breeds are unimodal (Figure 1a,b); the 
observed distribution of mismatches did not significantly deviate from that expected under a 
null hypothesis model of either spatial or demographic expansion (SSD = 0.00729102, P = 
0.130; r = 0.03034531, P = 0.070 for Butana; SSD = 0.00734690, P = 0.1300; r = 
0.02347857; P = 0.130 for Kenana) (Table 1). Both Tajima’s D and Fu’s FS statistics were 
negative and significant for each breed (Table 1). These results are indicative of population 
expansion for the two breeds. AMOVA analysis showed that the highest level of genetic 
variation (92.0%) was found among individuals within populations while only 1.06% of the 
total variation occurred between Kenana and Butana breeds. Genetic differentiation between 
the two breeds, as calculated from FST value, is 0.0800. 
 
Demographic history and dynamics 
As indicated above, negative values for the Tajima’s D and Fu’s FS statistics are 
indicative of past population expansion. An additional evidence of expansion for the two 
breeds was provided by the Bayesian Skyline analyses (Fig. 4). The skyline plots revealed 
different demographic histories and profiles for the two breeds. A common observation was 
a gradual decline in Ne for both breeds followed by a subsequent increase at different time 
periods. The increase in Ne started at 5200 YBP (95% HPD = 11543296460 – 5580288770) 
for Butana. It was about 1200 years before the increase in Ne for Kenana, which starts at 
about 4000 YBP (95% HPD = 0.000000935 – 4299743316).  However, the Ne for Butana 
and Kenana plateaus off at around the same time, 1900 YBP (95% HPD = 4352387168 – 
2104041711) 2000 YBP (95% HPD = 44779646020 – 2164748663), respectively. In 
contrast to the Kenana whose Ne remained constant to the present time, that for Butana 
started to decline gradually from ~ 950 YBP (95% HPD = 1.00628E+12 – 2.08158E+12) 
and, then, rapidly from ~ 590 (95% HPD = 6.4036E+11 – 1.32464E+12) to the present 
revealing two phases of a bottleneck, a mild and, then, a severe one in the history of the 
breed (Fig. 4). 
 
DISCUSSION 
 
In this study, we analysed the variations in mtDNA D-loop region in the Kenana and 
Butana cattle, the only dairy types of zebu cattle on the African continent (Hodges, 1987; 
Falvey and Chantalakhana, 1999) to assess their maternal genetic architecture, magnitude of 
genetic differentiation and infer their demographic history and profiles. AMOVA analysis 
revealed lack of a clear maternal genetic differentiation between Kenana and Butana which 
showed a low level of genetic variations (1.06%) between them and low FST value between 
them of 0.07999 ± 0.00000. Dadi et al., (2009) reported an overall FST value of zero among 
Ethiopian cattle, and when they classified their populations into four hierarchical clusters 
based on morphological characteristics, the proportion of genetic variations observed among 
the four groups was only 0.57%. Their results together with ours seem to suggest a very 
weak genetic structure at the mtDNA level for African zebu cattle supporting the fact that 
they are all of taurine origin belonging to the same globally define T1 haplogroup among 
cattle (Bonfiglio et al., 2012; Achilli et al., 2008).  
The close genetic relationship observed between Kenana and Butana, lead to three 
hypothesizes regarding the origin of the breed; one of them is derived from the other as 
suggested by (Mason and Maule, 1960), they are one and the same breed or there has been 
substantial genetic intermixing between them. The first hypothesis seems unlikely given the 
results of our BSP analysis (see discussion below). The second one is, also, unlikely given 
the differences in their phenotypic, production and reproduction characteristics. However, 
genetic intermixing between the two breeds (third hypothesis) is possible given that most 
farmers’ herds utilize similar dry and wet season grazing grounds where animals of different 
breeds meet and interact and, therefore, possibilities of crossbreed mating are very high. It 
should, also, be noted that the sharing of the same mtDNA T1 haplogroup by the African 
zebu cattle may explain the close genetic relationship observed here and therefore that 
mtDNA enough-loop fragments examined here might not have enough resolution to 
differentiate between these two breeds. 
Historical population dynamics were inferred from mismatch distribution patterns, 
two coalescent based estimators of neutrality (Fu’s FS and Tajima’s D) and Bayesian 
skyline plot analysis (Drummond et al., 2012). All the analyses provided support for 
population expansions but the calibration of the BSP’s revealed the expansion profiles in 
greater details. The fact that both breeds are characterized by different expansion profiles 
suggests different demographic histories and this does not support the postulation that one 
of them (Kenana) was derived from the other (Butana) as has been suggested by (Mason and 
Maule, 1960). The BSP plots showed that the increase in Ne for Butana cattle preceded that 
of Kenana by about 1200 years indicating that as an breed, the former is more ancient than 
the latter. Interestingly, the start of expansion for both breeds predates the introduction of 
zebu cattle into the continent (Marshall, 2000). This in a way seems to suggest that the two 
types of cattle were already separated by the time they arrived on the continent. It is, 
therefore, perhaps not surprising that the Ne for Butana plateaus much earlier than that of 
Kenana as the former would have logically become established early. What is surprising, 
however, is the decline in Ne observed in Butana that commences approximately 950 YBP. 
This, however, is not the first time such a decline in Ne has been demonstrated in zebu cattle 
using molecular markers. 
We hypothesize here that the decline in Ne in Butana may be due to much more 
stringent selection criteria imposed on the breed to improve its production and reproductive 
performance. Indeed, the Butana outperforms the Kenana in milk production (Ageeb and 
Hillers, 1991; Rahman, 2007). The stringent selection criterion has most likely narrowed 
down the genetic base of the breed through the use of only a few highly productive 
individuals for breeding improvement. 
In conclusion, this study has revealed very low mtDNA variations between Kenana 
and Butana cattle but high maternal diversity present in the two breeds. Our results, also, 
showed that the two breeds have undergone a population expansion in the past which 
reflects differences in their demographic histories. However, in recent times, the Butana 
breed has experienced a decline in its effective population size which translates in a 
reduction in genetic diversity in the breed and which may jeopardize the long term 
sustainability of the breed. 
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Table 1. Geographic coordinates of the sampling location and number of Kenana and Butana cattle 
sampled at each location. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Location Latitude/ longitude Butana Kenana 
Khartoum 15.58°N, 32.52° E 5 2 
Atbara 17.70 °N, 33.98° E 19 0 
Abu Na’ma 12°44'N 034°08'E 0 6 
Um Banein 13°04' N 33°57' E 0 16 
Rabak 13.18°N, 32.74° E 11 0 
Tumboul 14.92 'N, 33.42° E  11 
Total  35 35 
 Table 2. Genetic diversity parameters of Butana and Kenana cattle breeds 
reed No. of 
animals 
No. of 
haplotypes 
Haplotypes 
diversity 
(SD) 
Nucleotides 
diversity 
(SD) 
Mean 
number of 
nucleotide 
differences 
(SD) 
Tajima’s D 
(P-value) 
Fu’s Fs 
(P-value) 
Sum 
square 
deviation 
(P-value) 
 
Harpendi
ng’s 
raggedne
ss index 
‘‘r’’ 
 
Butana 35 24 0.975 
(0.013) 
0.00672   
(0.00364) 
6.1345 
(2.9889) 
-1.429 
(0.049) 
-11.696 
(0.001) 
0.0073 
(0.1300) 
0.0303 
(0.0700) 
Kenana 35 28 0.987 
(0.010) 
0.00605 
(0.00331) 
5.5227 
(2.7199) 
-2.109 
(0.002) 
-21.239 
(0.000) 
0.0073 
(0.1300) 
0.0235 
(0.1300) 
Total 70 50 0.987 
(0.006) 
0.00664 
(0.00355) 
6.0605 
(2.9207) 
-2.059 
(0.002) 
-25.239 
(0.000) 
0.0164 
(0.0500) 
0.9867 
(0.0058) 
       
 
 
  
 
 
 
 
 
 
 
 
Fig 1. Mismatch distribution of pairwise nucleotide differences (A. Butana, B. Kenana). 
Observed distribution represented by vertical bars. Expected distribution Roger 
(1995) represented by solid line.  
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Fig 2. Coalescent Bayesian skyline plots for Butana and Kenana breeds. Solid lines show 
median estimate of effective population size (Red: Kenana, Black: Butana), doted 
lines indicate 95% highest posterior density interval (HPD) curves. (Red: Kenana, 
Black: Butana). 
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